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LOW-SPEED AERODYNAMIC CHARACTERISTICS 


OF A 13-PERCENT-THICK AIRFOIL 
SECTION DESIGNED FOR GENERAL AVIATION 
APPLICATIONS 

By Robert J, McGhee, William D. Beasley, and Dan M. Somers 
Langley Research Center 

SUMMARY 

An investigation was conducted in the Langley low-turbulence pressure 

tunnel to determine the low-speed section characteristics of a 13-percent-thick 

airfoil designed for general aviation applications. The results are compared 

with older NACA 12-percent-thick sections and with the 17-percent -thick NASA 

GACw)- 1 airfoil. The tests were conducted over a Mach nimaber range from O.IO 

to 0.35 and an angle-of-attack range from -10° to 22°. Chord Reynolds nxmibers 

6 6 

were varied from about 2.0 x 10 to 9*0 x 10 . 

The results of the investigation indicate that maximum section lift co- 
efficients at a Mach number of 0.15 increased from about 1.7 to 2.1 as uhe 

6 6 

Pey-nolds number was increased from about 2.0 x 10 to 9.0 x 10 . Stall char- 
acteristics were generally gradual and of the trailing-edge type. The applica- 
ti.on of a narrow roughness strip near the leading edge resulted in only ^all 
effects on the lift characteristics at a Reynolds number of about 6.0 x 10^, 
whereas extensive roughness wrapped aro'‘.nd the leading-edge resulted in a de- 
crease in maximum section lift coefficient of about 19 percent. Increasing the 
Mach number from 0.10 to 0.35 at a constah' Reynolds n\amber of about 6.0 x 10^ 
decreased Ihe maximum section lift coefficient about l6 percent, with most of 
the deer? isf occurring ab^ve a Mach number of about 0.28. The 13-percent-thick 


airfoil compared to the 17-percent-thick GA(W)-1 airfoil, provided about a 
0.10 increase in maximum section lift coefficient, reduced the section profile 
drag coefficients at all lift coefficients, and increased the section lift- 
drag ratio about 22 percent at cruise and about lU percent at climb. Maximum 
section lift coefficient at a Reynolds number of about 6.0 x 10 vas about l6 
percent greater than the NACA 23012 airfoil section. 

INTRODUCTION 

Research on advanced technology airfoils has received considerable atten- 
tion over the last several years at the Langley Research Center. Reference 1 
reports the results of the NASA GA(W)-1 airfoil, which vas specifically de- 
signed for a twin-engine propeller driven light airplane. The achievement of 
high performance of the GA(W)-1 airfoil has pi.'ompted the development of a 
family of airfoils of differing thickness and camber. This report presents 
the basic low-speed aerodynamic characteristics of a 13-percent-thick airfoil 
derived from the GAC.V)-1 airfoil. This airfoil has been designated as General 
Aviation ( White omb)-n\am'ber two airfoil. CGtA(W)-2). 

The investigation was performed in the Langley low-turbulence pressiire 

tunnel over a Mach number range from 0.10 to 0.35* Tlie chord Reynolds number 

6 6 

varied from about 2.0 x 10 to 9.0 x 10 . The geometrical angle of attack 
varied from about -10° to 22°. 

SYMBOLS 

Values are given in both SI and the U.S. Customary Units. The measure- 
ments and calculations were made in the U.S-. Customary Units. 

C pressure coefficient, -^L « 

c airfoil chord, centimeters (inches) 
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1 


n 


n 

h 

Vd 

M 

P 

q 

R 

t 


section chord-force coefficient 

f . 

section profile-drag coefficient, J c 




wake 


point drag coefficient (ref. 2) 


section lift coefficient, c cos a - c sin a 

’ n c 

section pitching-moment coefficient about (quarter-chord point, 


-/Cp(f- 0 . 25 ) d(|). /C^(|) d(|) 


)C d(- 
P 


section normal -force coefficient, -/c 

vertical distance in wake profile, centimeters (inches) 
section lift-drag ratio, c / c 




free- St ream Mach number 


2 2 

static pressure, N/m Clb/ft ) 

2 2 

dynamic pressure, N/m (jlb/ft ) 


Reynolds number based on free— stream conditions_and airfoil chord 

airfoil thickness, centimeters (inches) 

X airfoil abscissa, centimeters (inches) 

z airfoil ordinate, centimeters (inches) 

z mean line ordinate, centimeters (inches) 

c 

z, mean thickness, centimeters (inches) 

t 

a geometric angle of attack, degrees 

Subscripts: 

L local point on airfoil 

max mar.imum 
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free-stream conditions 


MODEL, .\PPARATUS, AND PROCEDURE 


Model 

The 13-percent airfoil section C'fig. l) vas obtained by linearly decreas- 
ing the mean thickness distribution of the 17-percent GACW}-1 airfoil by O .765 

and combining this thickness distribution vith the mean camber line of the 
GA(w)- 1 airfoil. This method of obtaining the airfoil family was selected 
after theoretical analysis, using a subsonic viscous method, shoved that the 
resulting airfoils should have similar characteristics to the GA(.W)-1 airfoil. 
The mean camber and thickness distribution are shown in figure 2 and table I 
presents the measured airfoil coordinates. 

The airfoil model vas constructed utilizing a metal core around which 
plastic fill and two thin layers of fiberglass was used to form the contoiir of 
the airfoil. The model had a chord of 6 I.OI cm (21+.02 in.) and a span of 
91.4it cm C 36 in,). The model was equipped vith both upper and lower siirface 
orifices located 5*08 cm (2 in.) off the midspan and at the chord stations 
indicated in table II. The airfoil surface was sanded in the chordwise direc- 
tion with number 400 dry silicon carbide paper to provide a smooth aerodynamic 
finish. Figure 3 shows a photograph of the model. 

Wind Tunnel 

The Langley low-turbulence pressure tunnel (ref. 3) is a closed-throat, 
single-return tunnel which can be. operated at stagnation pressures from 1 to 
10 atmospheres vith tunnel-empty test section Mach numbers up to 0.42 and 0,22, 
respectively. The maximum unit Reynolds nximber is about 49 x 10^ per meter 
C 15 X 10^ per foot) at a Mach number of about 0,22. The tunnel test section 
is 91.44 cm C3 ft) wide by 228.6 (7.5 ft) high. 


4 


Hydro-ulically actuated circular plates provided positioning and attach- 
ment for the two-dimensional model. The plates are 101, 60 cm C^O in.) in 
diameter, rotate with the airfoil, and are flush with the tunnel wall. The 
airfoil ends were attached to rectangular model attachment plates (fig. and 
the airfoil was mounted so that the center of rotation of the circular plates 
was at 0.25c on the model reference line. Tho air gaps at the tunnel walls 
between the rectangular plates and the ci? 2uiar plates were sealed with flex- 
ible sliding metal seals, shown in figure ^ 

Wake Survey Rake 

A fixed wake suinrey rake (.fig. 5 ) at the model midspan was cantilever 
mounted from the tunnel sidewall and located one chord length behind the 
trailing edge of the airfoil. The wake rake utilized 91 total -pressiire tubes, 
O.152U cm (0.060 in.) in diameter, and six static-pressure tubes, 0 . 31 T 5 cm 
(0.125 in.) in diameter. The total -pres sure tubes were flattened to O.IOI6 cm 
(O.OUO in.) for O.6096 cm ( 0 . 2 U in.) from the tip of the tube. The static- 
pressure tubes each had four flush c'r". fices drilled 90 '^ apart and located 8 
tube diameters from the tip of the tube and in the measurement plane of the 
total-pressure tubes. 

Instrumentation 

Measurements of the static pressures on the airfoil surfaces and the wake 
rake pressures were made by an automatic pressure-scanning system, utilizing 
variable-capacitance-t;/pe precision transducers. Basic tunnel pressiires were 
measured with precision quartz manometers. Angle of attack was measured with 
a calibrated digital shaft encoder operated by a pinion gear and rack attached 
to the circular model attachment plates. Data were obtained by a high-speed 
acquisition system and recorded on magnetic tape. 
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TESTS AMD METHODS 


The airfoil vas tested at Mach nmhers from 0,10 to 0,35 over an angle- 
of-attack xange from about -10® to 22®, Reynolds number based on the airfoil 
chord was varied from about 2,0 x 10^ to 9*0 x 10^, The airfoil vas tested 
both smooth Cnatural transition) and with roughness located on both upper and 
lover surfaces at 0,075c. The roughness vas sized for each Reynolds number 
according-to— re£erence-iu The roughness consisted of granular-type strips 
0,127 cm Co, 05 in.) vide, sparely distributed, and attached to the airfoil 
surface vith clear lacq.uer. At a Reynolds n\imber of 6.0 x 10*^ and a Mach 
number of 0.15_the NACA standard roughness (number 60 grains “wrapped around 
leading edge on both surfaces back, to 0.08c) vas employed so that comparisons 
vith older NACA airfoil data co“uld be made. Eo 2 i_several-.te at runs oil vas 
spread over the airfoil upper surface to determine if any locaQ. flov separation 
vas present. Tufts vere attached to the airfoil and tunnel sidevalls vith 
plastic tape to determine stall patterns. 

The static-pressure measurements at the airfoil surface vere reduced to 
standard pressiire coefficients and machine integrated to obtain section normal- 
force and chord-force coefficients and section pitching-moment coefficients 
about the quarter chord. Section profile-drag coefficient vas computed from 
the vake-rake total and static pressures by the method reported in reference 2. 

An estimate of the standard lov-speed vind-tunnel boundary corrections 
(ref, 5) amounted to a maximiim of about 2 percent of the measured coefficients 
and these corrections have not been applied to the data, except for the data 
shovn in figure l8(a). 
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PRESENTATION OF DATA 


Figure 


Effect of Reynolds niomtier on airfoil section characteristics, 

M = 0.15 6 

Effect of roughness configuration on airfoil section character- 
istics. M « 0,15; R « 6.0 X 10^ 7 

Effect of Mach number on airfoil section characteristics. 

R « 6.0 X 10^; airfoil smooth 8 

Effect of Mach number on airfoil section characteristics. 

R 6.0 X 10^; transition fixed at x/c * 0.075 9 

Comparison of the section characteristics for the GA(W)-1 and 


GACw)- 2 airfoils. M = 0.15; transition fixed at x/c = 0.075. ... 10 

Typical chordwise pressure distributions for GA(W)-2 airfoil, 

M a 0.15; R * 3.0 X 10^; airfoil smooth , . . , 11 

Comparison of the chordwise pressure distributions for the GACW)-1 
and GACW)-2 airfoils. M = 0,15; R ® ^.3 x 10^; transition fixed 


at x/c a 0.075 12 

Variation of maximim section lift coefficient with Reynolds number 

for GACW)-1 and GA(W)-2 airfoils, M = 0.15 13 

Variation of maximum section lift coefficient with Mach number for 


GA(W)-1 and GACw)- 2 airfoils, R » 6,0 x 10^; airfoils smooth , . , li+ 
Variation of drag coefficient with Reynolds number for GA(w)-l and 

GA(w)-2 airfoils, M = 0,15; transition fixed at x/c = 0.075* ... 15 

Variation of lift-drag ratio with Reynolds number for GACw^- 1 and 

GACw)- 2 airfoils, M » 0.15; transition fixed at x/c = 0.075. ... l6 


Figure 


Variation of' maximum section lift coefficient with Reynolds number 

for various airfoils. M * 0.15; airfoils smooth 17 

Comparison of section characteristics of MSA GACVI)-2 airfoil and 
MCA 1+1+12, 23012, and 65i_-ltl2 airfoils, M = 0.15; R ® 6.0 x 10^; 
wraparound roughness to 0,08c surface length (no. 60 grit). .... l8 
Comparison of section characteristics of NASA GACw)- 2 and NACA 

65i- 213 airfoils. M»0,15; R«6,0x 10^; strip roughness .... 19 

Comparison of experimental and theoreticad section character- 
istics for the GACw)- 2 airfoil, M = 0.].5; R = 3.0 x 10 ; 

transition fixed at x/c = 0.075 20 

DISCUSSION 

Lift .-" Figure 6 shows that with the GACw)-- 2 airfoil smooth (natural 
boundary-layer transition) a lift-curve slope of about 0.11 per degree (un- 
corrected for wall boundary effects) and a lift coefficient of about 0.1+9 at 
a s 0® was obtained for the Reynolds numbers investigated, (i^ = 0.15). Meixi- 

mum lift coefficients (fig. 17) increased almost linearly with increasing 

£ 

Reynolds number and obtained values of about 1.7 at R = 2,1 x 10 and about 
2,1 at R « 9.0 X 10^. The airfoil section exhibits a gradual type stall 
(fig, 6), particularly at the lower Reynolds numbers. Tuft pictures (not 
shown) and the pressure data of figure 11 indicated that the stall is of the 
turbulent or trailing-edge type. 

The addition of a roughness strip at ,075c (fig. 6) altered the lift 
characteristics because of changes in boundary-layer thickness, particxdarly 
at the lower test Reynolds numbers. For example, at R = 2,1 x 10^ Cfig, 6(a)) 
the angle of attack for zero lift coefficient changed from about -i+,1* to •3.8‘’» 
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and the lif*t coefficient at a ® 0® decreased from about 0,49 to 0.44. These 

effects on the lift cliaracteristics decreased as the Reynolds number was in~ 

creased and vere essentially eliminated at R = 9-.4 x 10^ Cfig* 6Ce)}. Figure 

13 shows that the-roughness strip had only minor effects on the airfoil's 

maximum lift coefficients for the Reynolds nimiber range tested. A comparison 

of the lift data obtained with a roughness strip (number 100 grit; sized for 

R = 6,0 X 10°) and with extensive roughness (no. 60 grit) wrapped around the 

leading-edge is shown in figure T(a) for R « 6.0 x 10^. A decrease in the 

angle of attack for c of about 5® and a decrease of about 19 percent in 

° \ ,max 

c is shown for the wraparound roughness. 

1 ,max 

The effects of Mach number on the airfoil lift characteristics at a 
Reynolds number of R « 6.0 x 10^ are shown in figure 8(a) for the smooth air- 
foil and in figure 9(a) for the airfoil with a roughness strip located at 
x/c = 0,075, The expected Prandtl-Gau.ert increase in lift-curve slope is 
indicated by increasing the Mach number from 0.10 to 0.35» This same Mach 
number increase, however (figs. 8(a) and 9(s-)) resulted in a decrease in the 
stall angle of attack of about 6° and about a l6 percent decrease in 
Figure l4 shows that most of this decrease in (about 12 percent) 

occ\irred above M = 0.28. These Mach number effects are a result of super- 
critical flow occurring near the leading-edge on the upper-surface of the 
airfoil. 

Comparison of the data for the 17 percent GA(V)-1 and 13 percent GA(w)-2 
airfoils for typical operating ranges of Reynolds numbers for light general 
aviation airplanes (R = 2.0 x 10^ to R = 6.0 x 10^) are shown in figures 10, 
13 and l4. The predominant effect of decreasing the airfoil thickness is to 
increase the section lift coefficients in the high angle of attack range and 


hence increase c "by about 0,10, Figure 13 shows that on the log scale 

1 ,ma^ o 

the variation ofL-o. with Reynolds number for the GA(V)-2 airfoil is aliiiost 

a straight line and that the addition of a roughness strip had little effect. 

This contrasts with the S-type curve shown for the GA(w)- 1 airfoil smooth and 

the decrease with the addition of roughness. This. improvement in c, for 

the thinner airfoil is attributed to reduced upper-surface boundary-layer flow 

separation as illustrated by the pressure data comparison of figure 12 (b). 

The effects of Mach number on c, for the two airfoils up to M « 0.28 are 

1 ,max 

similar and are shown in figure Xk at H w 6.0 x 10^. Above M,= 0.28 the 

GA(W)-2 airfoil indicates a large decrease in c, .No data are available 

i ,max 

for the GA(.W)-1 airfoil because of tunnel power limitations. 

Comparisons of the maximimi section lift coefficients of the GA(W)-2 air- 
foil with the older_JL2_p.ercent NACA airfoils in a smooth condition are shown 
in figure IT. Increases in c, from about 0,20 to 0,kQ throughout the 
Reynolds number range are indicated when compared to the 4 and 5 digit and 
65 series. Thus, at a Reynolds n\amber of 6.0 x 10^, about a 24 percent improve- 
ment in c is shown for the GA(w)-2 airfoil over the 44l2 airfoil and a 

1 ,max 

16 percent improvement over the 23012 airfoil. Figure l 8 Ca) shows a compari- 
son of the lift characteristics of the NACA 4412, 23012, and 65^^-412 airfoils 
at a Reynolds number of 6.0 x 10 to the GA(W)-2 airfoil with extensive wi’ap- 
around roughness employed. Even for this extreme case of roughness the GA(W)-2 
airfoil exhibited superior lift characteristics compared to the older -NACA..,. 
airfoils. Similar improvements in c (fig. 19(a) ) are shown coiapared to 

I 

the recent data (ref, T) obtained on a NACA 65-|-213 airfoil with the narrow 
strip roughness. 


10 


Comparison of the experimental lift data with i.he viscous flow theory of 
reference 8 for a Reynolds number of 3.0 x 10^ and transition fixed at 
x/c = 0.075 are shown in figure 20. As previously reported C^^ef, l), the 
theoretical method satisfactorily predicts the lift data for angles of attack 
where no significant boundary-layer flow separation is present. 

Pitching-moment , - The pitching-moment coefficient data for the smooth 
airfoil (fig, 6) were generally insensitive to Reynolds number in the low 
angle of attack range and the addition of roughness only caused small positive 
increments in c^. Comparison of the pitching-moment data for the Reynolds 
n\ambers tested show for angles of attack greater than about 6® and below the 
stall angle that the values of c^ are less negative at the low Reynolds num- 
bers, This is typical of the decambering effect associated with boundary- 
layer thickening at the low Reynolds nmbers. At a Reynolds number of about 
6.0 x ].0^ increasing the Mach number from 0.10 to 0.35 (fig* S(a)) caused no 
effect on the pitching-moment data up to about 8°. At the higher angles of 

attack a positive increment in c is shown. 

m 

Comparison of the data for the GA(.W)-1 and GACw)- 2 airfoils in figiire 10 
show that the pitching-moment characteristics are essentially the same. 

Figure 18 (a) shows the expected more negative values of c^ for the GA(W)-2 
airfoil, resulting from the aft camber for this t^pje of airfoil, when compared 
to the older NA.CA airfoils. Comparisons of the experimental c^ data with the 
theory of reference 8 (fig. 20) indicate reasonable agreement only up to about 
a = 6°, 

D rag and lift-drag ratio .- The profile drag data of figure 6 indicate a 
"laminar bucket" in the drag polar for the smooth airfoil at the lower test 
Reynolds numbers. In practical general aviation application, no "laminar 


II 


bucket" would be expected because boundary-layer transition usually occurs 
near the leading edge of the airfoils, a result of roughness of construction 
or insect remains gathered in flight. 

The addition of a roughness strip at .0T5c (fig. 6) rer'i-ted in essen- 
tially full chord turbulent flow which was confirmed tecnniciues. 

The scale effects (fig. 15.). design lift-coefficient (c^ ® O.UO) were gen- 
erally consistent ■.•/ith flat-plate drag varii?tions (ref. 6). Application of 
extensive wra.paround roughness Cfig.-.,T('b) ) at R « 6.0 x 10^ indicates about 
0.0010 increase in c^ at design lift, compared to the strip roughness, and 
large increases at higher lift coefficients. The drag data (fig. 9(1')) also 
indicate large increases in at high lift coefficients by increasing the 
Mach numbers from 0.10 to 0.35. 

Comparison of the drag data for the GA(w)-l and GACw)- 2 airfoils for 
typical operating ranges of Reynolds nmbers for light general aviation air- 
planes with fixed transition near the leading-edge are shown in figures 10, 

15 and l6. Decreasing the airfoil thickness from 1? percent to 13 percent 
decreased the drag coefficient throughout the lift coefficient range (fig. 10) 
and extended the range of lift coefficients for low profile drag. At a typical 

cruise condition (c = U.40, R ^ 6.0 x 10^) a decrease in c, of about .0018 

I ^ 

Cfig. 15) is indicated by decreasing the airfoil thickness from 1? percent to 

13 percent. This constitutes about a 22 percent increase in section lift-drag 

ratio. At a typical climb condition for light aircraft (c^ = 1.0, R«U.0x 10^) 

a decrease in c of about .0015 is shown. The corresponding values of lift- 
d 

drag ratio (fig. l6) are about 77 (GA(W)-l) and 88 (.GA(W)-2), or about a Ik 

percent improvement. The values of (i‘iS« 10) vary from about 75 to 

6 6 

110 for Reynolds numbers of about 2.1 x 10 to 6.3 x 10 for the GACw)-2 
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I 


I 


airfoil compared to alDOUt 65 to 90 for the GACw)- 1 airfoil. Also, the lift 
coefficient for maximum lift-drag ratio was increased by about 0.10 for the 
tninner airfoil . 

Comparison of the drag data for the GA(W)-2 airfoil (wraparound roughness) 
with the NACA 4412, 23012, and 65]_-4l2 airfoils (fig. l8(b)) at a Reynolds 
n\amber of about 6,0 x 10 with extensive wraparound roughness show about the 
same value of c^ at design lift coefficient (c^ = 0.40) for the GA(W)-2, 23012, 
and 4412 airfoils; however, the 65i-4l2 airfoil indicates slightly lower values 
of c^. The most noticable improvement resulting from the new airfoil design 
is the lower profile drag coefficients in the high lift coefficient range. 

This improvement is also show n (fig . 19(b)) when compared to the recent data 
Cref. 7) obtained with a narrow strip-roughness applied to the older NACA 


65i- 213 airfoil. 


SUMMARY Oi' RESULTS 


The following resiilts were determined from this investigation; 

1. Maximum section lift coefficients at a Mach number of O.lp increased 
from about 1,7 to 2.1 as the Reynolds number was increased from about 2.0 x 10^ 
to 9»0 3C 10^. 


2, Stall characteristics were generally gradual and of the trailing-edge 


type. 


3, The application of a narrow roughness strip near the leading edge at 
a Reynolds number of about 6.0 x 10 resulted in small effects on lift, whereas 
extensive roughness wrapped around the leading edge resulted in a decrease in 


the maximum section lift coefficient of about 19 percent, 

4, Increasing the Mach number from 0,10 to 0,35 at a constant Reynolds 
number of about 6.0 x 10^ decreased the maximum section lift coefficient about 


l6 percent, vith most of the decrease occurring above a Mach number of about 

0 . 28 . 

5. The 13 percent GA(W)-2 airfoil compared to the IT percent GA(W)-1 
airfoil, provided about a 0.. 10. increase in maximum lift coefficient, reduced 
the profile drag coefficients at all lift coefficients, and increased the 
lift-drag ratio about 22 percent at cruise and about l4 percent at climb. 

6, Maximiom section lift coefficient at a Reynolds number of about 
6.0 X 10^ vas about l6 percent greater than the older NACA 23012 airfoil 
section. 
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Figure I.- Section shape for NASA GA(W)-2 airfoii. 
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Fiqure 4.- Airfoil mounted in wind-tunnel. All dimensions in ’erms of airfoil 

rhord. c = 61.01 cm (24.02 in.). 
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Figure b. - Drawing of wake rake. All dimensions in terms of airfoil chord 

c = 61. Oi cm (24.0'.^ in.). 



Figure 6.- Effect of Reynolds nurrber on airfoil section characteristics. 
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Figure 7.- Effect of roughness configuration on airfoil section characteristics 
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Figure 10.- Comparison of the section characteristics for ti!'- GA(W)-I anci GA(W) 
airfoils. M = 0. i^; transition fixed at x/c 0. 0/s. 
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Figure II.- Typical chordwise pressure distributions for NASA GA(W)-2 airfoil 

M = 0.15; R = 3.0 X I 06 ; airfoil smooth. (Flagged symbol indicates base 
pressure orifice). 
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Figure 12.- Comparison of the chordwise pressure distributions for the NASA 
GA(W)-I and GA(W)-2 airfoils. M = 0. 15; R = 4.3 x 10^; transition fixed at 
x/ c = 0.075. {Flagged symbols indicate base pressure orifice). 

















Figure 14.- Variation of maximum section lift coefficient with Mach number for GA(W)-1 
and GA(W)-2 airfoils. R ^ 6.0 x lO^; airfoils smooth. 











Figure 13.- Variation of drag coefficient with Reynolds number for GA(W)-I and GA(W)-2 
airfoils. M = 0.15; transition fixed at x/c = 0.075. 
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Figure 17.- Variation of maximum section lift coefficient with Reynolds number for various 

airfoils. JVl = 0.15: airfoils smooth. 
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(a) Lift and moment data. 


Figure 18.- Comparison of section characteristics of NASA GA(W)-2 airfoil and 
NACA 4412, 23012, and 651-412 airfoils. M 0.15; R 6.0 x 10^; wrap- 
around roughness to 0.08c surface length (no. 60 grit). 












(a) Lift and moment data. 


Figure 19.- Comparison 
65|'213 airfoils. M 


section characteristic? of NASA GA(W)-2 ar ’ NACA 
0.15; 6.0 X (0^^, strip roughness. 







Figure 20.- Comparison of experimental and theoretical section characteristics 
for the NASA GA(W)-2 airfoil. M = 0.15; R = 3.0 x t06; transition fixed at 
x/c = 0.075. 






